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SUMMARY

* A prediction system is presented whereby stand and stock tables are calcu-
lated for young natural longleaf pine stands of varying initial density. Tables
can be output for stand conditions of 10 to 20 years of age, 300 to 1,500 initial
trees per acre (at age 10), and 70 to 80 feet in site index (index age 50). The
system also allows one to translate from density expressed as trees per acre at
an age between 10 and 20 years to basal area at age 20 and thereby gain entry
to another stand volume prediction and projection system for thinned natural
longleaf pine that is operable for stand ages of 20 years and older.



Predicting Stand and Stock Tables from a Spacing Study in
Naturally Regenerated Longleaf Pine

Robert M. Farrar, Jr.

INTRODUCTION

Stand volume and volume growth prediction sys-
tems for natural, even-aged stands of southern pines
usually use basal area as the stand density variable,
and predictions usually are not feasible before about
20 years of age. Basal area is a very practical density
measure for stands about this age or older but not
very informative or useful if stands are younger, espe-
cially if many of the trees are less than 4-1/2 feet tall.
Since intensive management calls for volume and
growth information at these younger ages, methods
are needed to translate from one density measure at
an early age (such as trees per acre) to basal area at
a later age. The following paper outlines a system
developed to do this for young stands of natural long-
leaf pine (Pinus palustris Mill.) by predicting stand
and stock tables.

METHODS

Study Area

The data were gathered from a natural stand spac-
ing study initiated in the winter of 1967—68 on the
Escambia Experimental Forest in south Alabama.
The study area was a 40-acre stand of dense, even-
aged young longleaf pines, resulting principally from
seed-tree regeneration in 1957 and 1958. Seed-trees
were removed in 1961. In 1963, stand density ranged
from about 3,000 to 8,000 trees per acre and averaged
about 6,000. In 1967, when the study was installed,
the stand was 9 to 10 years old from seed. Tree sizes
then ranged from grass-stage seedlings to trees about
3 inches in d.b.h. and 20 feet tall. Dominant and
codominant trees averaged 6 to 10 feet in height. The
soil of the area is Alaga loamy sand, which is common
on ridges and upper slopes in the rolling middle Gulf
Coastal Plain. At about age 20, the site index (Farrar
1973) estimated on study plots ranged from 71 to 86
feet at 50 years and averaged 79 feet.

Treatments

Five tree-frequency densities were replicated three
times on 1/5-acre permanent plots with 1/2-chain iso-
lation strips in a completely randomized design.
Residual densities of exactly 300, 600, 900, 1,200, and
1,500 trees per acre were initially established by man-
ually cutting the trees that appeared poorest in vigor.
No record was kept of the numbers of trees removed.
All hardwoods with d.b.h. = 1 inch were killed during
the summer of 1968, and the study area was prescrip-
tion burned in the winters of 1973-74, 1975-76, and
1977-178. No subsequent thinnings have been made.

Inventory

All trees on the 1/5-acre net plot were positively and
permanently identified. Their d.b.h. was measured to
the nearest one-tenth inch on all trees taller than
breast height, and a systematic sample was made of
total heights and heights to the live crown base by
measuring these heights on every sixth tree in each
1-inch d.b.h. class (including the zero class) to the
nearest foot. At least 2 trees were measured per d.b.h.
class, if available, and at least 10 were measured per
plot. Inventories were repeated at 2-year intervals
and occurred in the dormant season. In the winter of
1973-74, at about stand age 15 years, all dominant
and codominant sample trees were bored at 4 feet to
determine age (age = ring count + 7 years). At least
five trees were aged per plot. The mean age deter-
mined in this fashion agreed closely with the histori-
cal records of reproduction on the area. The last in-
ventory reported on herein was made in the winter of
1977-78.

Analysis

Rather than analyze the stand characteristics and
volume production data to simply detect any signifi-
cant discrete differences among treatments, it was
decided to employ techniques used to generate pre-
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dicted stand and stock tables for unthinned pine plan-
tations in relation to stand age, site index, and den-
sity. This would allow predictions for a range of stand
conditions (bounded by the limits of the data) rather
than simple treatment means. This approach necessi-
tated the development of the following six groups of
prediction system components by site index and age at
the stand level and/or at the d.b.h. class level.

1. A stand-level predictor (eq. 3a)! for mean domi-
nant height (dominant and codominant trees) that
uses a published site-index function to widen its util-
ity. The published site-index function chosen (Farrar
1973) was the one for natural longleaf from USDA
Miscellaneous Publication 50 (U.S. Forest Service
1976), hereafter called MP50, because the trends of
dominant height observed in the study followed this
MP50 function better than other available site-index
functions. A given MP50 site-index value at index age
50 for a stand is translated to MP50 site index at
index age 20 (eq. 1). This latter value is used with the
dominant height function (eq. 3d) developed from
study data to extend the dominant height estimates
from age 20 down to age 10 (eq. 3a). The MP50 func-
tion could not be used alone because it does not allow
predictions below about age 15, and the study func-
tion could not be used alone because its limited data
base does not allow it to be a generally suitable site-
index function.

2. A stand-level function that predicts the survival
of all trees (eq. 4) and one that predicts the number of
surviving trees 1 inch d.b.h. and larger from age 10
into the future by 1-year increments up to age 20 (eq.
5). For other species, a predictor for trees 1 inch d.b.h.
and larger would be the only one needed. But, since
longleaf has a grass-stage and trees can remain in
this stage for many years, the first predictor is also
necessary here. These functions are similar to a model
presented by Hamilton (1974).

3. A mean total height predictor for each 1-inch
d.b.h. class (eq. 6a). This function essentially predicts
a proportion for each d.b.h. class that modifies stand
mean dominant height. This function is similar to the
model presented by Clutter and Belcher (1978).

4. A mean crown ratio predictor for each 1-inch
d.b.h. class (eq. 7a). The underlying model is identical
in form to the one in eq. 6a, but employs stem length
(or height to the live crown base) as the dependent
variable.

5. A function that predicts the number of trees in
each 1-inch d.b.h. class (eq. 8a). This predictor utilizes
the Weibull cumlative density function and estimates
of the “b” and “c” parameters that are predicted by the
stand variables age, dominant height, and trees per
acre (eq. 8b, 8c). The “a” parameter was fixed at 0.55

INumbers and letters refer to equations presented in Appendix A.

because it is possible for any natural longleaf stand
aged 10 through 20 years to have a tree in the first
1-inch d.b.h. class. The “b” and “c” parameter predic-
tors were developed using the fitted values of “b” and
“¢” from a maximum-likelihood program developed
for this purpose at the Southern Forest Experiment
Station (Bailey 1974).

6. A set of tree volume-defining functions (Farrar
1981) for natural longleaf pines (eq. 10-15).

All functions were fitted using ordinary least
squares multiple linear regression.

RESULTS AND DISCUSSION

All of the above groups and component parts are
presented in Appendix A, along with certain relative
statistics for each critical component in Appendix B.

Also, the components have been inserted into a
BASIC computer program (Appendix C) that allows
generation of stand and stock tables for stands having
the specifications and limits shown in table 1.

Appendix D shows example output from this pro-
gram, stand and stock tables for ages 10, 15, 20; site
index 70 and 80; and 300, 600, 900, 1,200, and 1,500
initial trees per acre (all trees, at age 10). By modify-
ing a few program lines, the program can predict ta-
bles for other combinations of stand initial and final
age, site index, and initial density within the above
limits on minimum and maximum values given in
table 1.

Several trends are evident upon inspection of these
Appendices. Survival of all trees (TSO) is inversely
related to initial density and is very good for the 10-
year period studied. The poorest survival was 88 per-
cent at age 20 for 1,500 initial trees per acre at age 10
and site index 70. Similarly, the poorest survival on
site index 80 was 95 percent for otherwise similar
conditions. These trends probably hold through age
20, but beyond that one would expect survival to be-
come relatively poorer for site index 80 as competition
becomes more intense on these better sites (Dell and
others, 1979).

The modal d.b.h. class advances with age and the
advance is most rapid for the lowest initial stand den-

Table 1.—Specifications and limits of stand and stock tables

Stand Minimum Maximum
variable value value
Age (years) 10 20

Site index (feet)

(MP50, index

age = 50) 66 85
Initial number of

trees per acre

at age 10 300 1,500




sity. This effect is shown in figure 1 for initial densi-
ties of 300 and 1,500 trees on site index 70. Increasing
site index accelerates the advance.

The number of trees per acre 1 inch d.b.h. and
larger (TS1) is directly related to initial density, in-
creases with age, and approaches and asymptote or
declines slightly due to mortality in the higher densi-
ties (fig. 2). Increasing site index tends to increase the
number of such trees at any age for any initial den-
sity.

The quadratic mean d.b.h. is negatively related to
density, appears to approach an asymptote with den-
sity, and increases positively with age (fig. 3). The
effect of site index is positive. The arithmetic mean
d.b.h. response is similar but the values are, of course,
smaller.

Total basal area per acre is positively related to
initial density and age and appears to approach an
asymptote with density (fig. 4). Over the 10-year pe-
riod, the growth rate accelerated during the last 5
years for the lowest initial density and decelerated for
the highest. The effect of site index is positive.

Mean crown ratio has a differential response to ini-
tial density and age (fig. 5). At the three lower densi-
ties it increases to a peak at middle ages and then
declines with age, but at the two higher densities it
generally declines slowly to the middle ages and then
declines more rapidly. It appears to approach an
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Figure 1.—Predicted d.b.h. distributions for 300 (solid line) and
1,500 (dashed line) initial trees per acre at ages 10, 15,

and 20 years, site index 70.
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Figure 2.—Predicted number of trees per acre (d.b.h. = 0.6") at ages
10 through 20 years by initial stand density at age 10,
site index 70.
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Figure 3.—Predicted quadratic mean stand d.b.h. at ages 10
through 20 years by initial stand density at age 10, site
index 70.
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Figure 4.—Predicted total stand basal area per acre at ages 10
through 20 years by initial stand density at age 10, site
index 70.
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Figure 5.—Predicted stand mean crown ratio percentage at ages 10
through 20 years by initial stand density at age 10, site_
index 70.

asymptote with density. The general effect of increas-
ing site index is to lower the crown ratio about 5 to 10
percentage points.

The total cubic-foot volume, inside bark, per acre
(TVI) response is similar to the response of total basal
area to age and initial density except that the growth
rate appears to be accelerating for all densities over
the 10-year period (fig. 6); probably because height
growth is overcoming any reduction in basal area
growth. The effect of site index is positive. The greater
the age, site index, and initial density; the greater the
total volume.

Merchantable cubic-foot volume, inside bark
(V143), is zero for all densities and both sites at age 10.
By age 15, the 900-trees-per-acre density has the most
volume on site index 70 (fig. 7) and 80. By age 20,

volume has increased at an increasing rate such that
the 1,200-trees/acre density has the most volume on
site index 70 and the 1,500-trees/acre density on site
index 80.

The merchantable mean annual volume (VI43) in-
crements to age 20 are not striking, but the responses
between age 10 and 20 are impressive, particularly
for the last 5 years. For the period age 10 to age 20, the
maximum predicted growth rates are 61.2 cubic feet/
acre/year for site index 70 and 1,200 initial trees. For
site index 80, the maximum is 101.5 cubic feet for
1,500 initial trees. Assuming 80 cubic feet/cord, these
figures translate to 0.77 and 1.27 cords/acre/year. For
the last 5 years (age 15 to 20), the maximum rates are
99.7 and 170.5 cubic feet/acre/year for site indices 70
and 80, respectively, and both for initial densities of
1,500 trees. These figures translate to 1.25 and 2.13
cords/acre/year.

If maximum stand merchantable cubic-foot volume
production is desired, the results through age 20 do
not suggest any practical benefit from having more

. than about 900 to 1,200 trees per acre at age 10 since

these densities produced maximum or near-maximum
volumes. However, if maximum total cubic-foot vol-
ume is desired, the highest initial density (1,500

© TS0,) is indicated. This information supports earlier

conclusions (Farrar 1974) that to maximize early mer-
chantable cubic-foot yields a density range of 500 to
1,000 established trees per acre appeared optimal and
that, for this purpose, precommercial thinning should
be considered only if stand density exceeded 1,000
crop seedlings at age 5 to 10 years. As the study con-’
tinues, it may develop that a medium initial TSO
density will maximize early sawtimber volumes also.
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Figure 6.—Predicted stand total cubic-foot volume, inside bark, per
acre at ages 10 through 20 years by initial stand density
at age 10, site index 70.
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Figure 7.—Predicted stand merchantable cubic-foot volume, inside
bark, per acre at ages 10 through 20 years by initial
stand density at age 10, site index 70.

Preliminary results from this spacing study have
been reported in two previous publications (Farrar
1974, 1979a). At the time of the first (Farrar 1974),
neither the ages from seed (from increment borings)
nor the site index were determinable. Age, although
not specifically stated, was age from seed-tree re-
moval which is 2 to 3 years younger than age from
seed. Average site index was estimated in surround-
ing 60-year-old stands on similar soils to be about 70
feet. If the data in Farrar (1974) are updated to reflect
the average age from seed (15 to 16 years) and the
average site index (MP50) of about 80, the results are
comparable to those presented herein.

In the second publication (Farrar 1979a) the ages
are from seed but the average site index was esti-
mated to be in the 70 class (about 75) by the site-index
function in Farrar (1979b). If this site index is trans-
lated to MP50 site index, the value is about 80. Then,
with due allowance for a different survival function in
Farrar (1979a), the results are comparable. Since the
results reported in these two previous publications
were preliminary, they can be regarded to be super-
seded by the results reported herein.

To see, on the average, how well the prediction sys-
tem reproduces certain observed stand values for the
15 plots at nominal ages 10, 15, and 20 years; the
mean difference (d), percent mean difference (%d),
root mean square difference (RMSd), and root mean
square percent difference (RMS%d) were calculated

and are presented in table 2. The latter two measures
are comparable to absolute (algebraic sign ignored)
values. The “observed” values for each plot at each
age were determined by the procedures given by Far-
rar (1979b) for plot inventory summary. Briefly, ob-
served volumes were obtained by fitting a total height
function in terms of d.b.h. for each plot, using this
function in conjunction with the tree volume formulae
presented herein to estimate a volume for every tree
on the plot, and summing tree volumes to obtain plot
volumes. Observed trees per acre and basal area were
the actual values per plot. Observed ages were the
actual mean age at nominal ages 10, 15, and 20 years
for each plot.

Predicted plot values were obtained by using the
following inputs to the appended program:

a. Site index (MP50) observed at nominal age 20 on
each plot.

b. The actual plot age at nominal age 20 and back-
dated 5 and 10 years to obtain estimates at nominal
ages 15 and 10.

c. The number of trees at the age in b., above, were
obtained via the survival function (eq. 4) by starting
with the treatment densities at the backdated age at
nominal age 10 and projecting forward 5 and 10 years.

The results of this exercise (table 2) suggest that
the predictions improve with time and that all are
within usable limits. At ages 15 and 20, they are com-
parable to results from other studies of natural even-
aged southern pine growth and production (Farrar
1979b, Murphy and Sternitzke 1979, Murphy and
Beltz 1981). At age 10, the percentage differences are
comparatively large but small in real terms. This is
not surprising because at this young age there is con-
siderable variability in the stand taller than breast
height. Later, as more of the stand passes the breast-
height threshold, stand traits become more pre-
dictable.

If stand and stock tables are desired for conditions
other than those shown in the Appendix, but within
the study limits, the program (Appendix B) can be
modified to provide output for any integer age be-
tween 10 and 20 years, any site index in the 70 and 80
classes, and any initial integer number of trees per
acre between 300 and 1,500. The desired input values
are specified in line 80, and lines 120, 130, and 140 are
modified as needed. For example, if annual output is
desired for site index 75 at ages 13 through 17 for 750
initial trees per acre at age 13, the input would be 75,
75,13,17, 750, 750 and line 140 would be altered to
read: FOR A=Al to A2 STEP 1.

If for some reason the MP50 site-index function is
not deemed appropriate, but the rest of the process is
considered suitable, some other site-index function
thought to be more appropriate can be solved as a
dominant-height function at age 20 and substituted in
line 280.



Table 2.—Goodness of fit" statistics for the stand and stock table prediction system!

Predicted value n Obs d %d RMSd RMS%d
Age 10
TS1 (no.) 15 349.7 -5.07 5.2 63.73 24.4
B (ft») 15 3.2 0.08 6.4 0.76 26.1
TVO (f3) 15 28.6 0.05 5.4 7.00 27.1
TVI (ft3) 15 14.8 0.15 5.9 3.93 28.7
V043 (ft3) e e e e e
VI43 (ft3) . . s e e e
Age 15
TS1 15 830.7 30.13 0.04 74.66 74
B 15 431 -0.49 -0.8 4.31 10.3
TVO 15 690.7 -23.85 -4.3 83.09 12.3
TVI 15 453.3 —-15.66 -3.2 55.73 12.6
V043 15 347.3 -12.55 ~-3.0 54.05 16.2
VI43 15 233.3 -6.7 -2.3 36.72 16.5
Age 20
TS1 15 832.0 30.20 3.8 61.26 6.4
B 15 68.0 -0.71 -0.6 4.51 6.9
VO 15 1454.8 —4.13 0.1 115.09 8.6
TVI 15 1012.0 —4.43 -0.01 81.71 8.8
V043 15 1088.1 —23.26 -14 102.84 9.8
VI43 15 767.6 -16.4 -0.4 72.97 9.8
- 1n = number of observations
y; = ith observed value . n
9; = ith predicted value %d = 2 ((F; — y/yp/n |*(100)
i=1

n
Obs = (Z(yi))/n
i=1

n
d= (2 & — yi))/n
i=1

Besides providing estimates of the production in 10-
to 20-year-old longleaf stands, this system can provide
entry to other growth and production prediction sys-
tems that usually start at about age 20. For example,
assume that we have a longleaf stand at age 10 that
has 1,200 trees per acre and a site index of 70 feet
(MP50) and we would like to estimate its volume at
age 25. At age 20, Appendix C shows this stand should
have a dominant height of 36.4 feet, 68.9 square feet
of basal area (B), and the following cubic-foot volumes
per acre: total, inside bark (TVI) = 930; mer-
chantable, inside bark (VI43) = 612. The indicated
merchantable periodic annual increment from age 15
to 20 is 97.8 cubic feet. Using the functions in a re-
cently published system for volume growth and pro-
duction prediction for thinned natural longleaf (Far-
rar 1979b) that uses some of the same tree

n
RMSd = (Z @ - yi)Z)/n
=1

n
RMS%d = \/ (2 (% - yi)/yi)z)/n*(100)
=1

........ = no data observed or predicted

volume-defining functions but a different site-index
function, the following values are obtained at age 20.
The 36.4-foot dominant height translates to a site n-
dex (Farrar 1979b) of 65.6 feet and the cubic-foot - o0l-
ume estimates are TVI = 914 and VI43 = 661. These
are within =2 to 8 percent of the above values. At age
25, the predictions from the functions in Farrar
(1979b) are B = 99 square feet/acre, TVI = 1,639, and
VI43 = 1,390.

The estimated average annual growth from age 20
to 25 is 6 square feet of basal area and 145.8 cubic feet
of merchantable volume or 1.82 cords. The mer-
chantable mean annual increments at ages 20 and 25
(33.1 and 55.6 cubic feet) suggest that the periodic
annual cubic-foot volume increment has not peaked
for this stand by age 20.
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Appendix A—System Predictor Groups and Components

1) H 20 = (Sso)(lo){g(ZO)—g(SO)}

(2) Szo = (Hzo)[exp{f(ZO) - f(20)}] = H20

(3a) HD1, = (Sy)lexp{f(A) — f(20)}]

where: Hy0 = mean height of dominant stand at age
20, predicted from MP50 dominant-
height function (Farrar 1973), feet

Sso = site index, index age 50 years, feet
(65 < S5 = 85)

(8b) g(A) = —11.870(1/A) + 1263.79(1/A)3
— 12409.5(1/A)* (Farrar 1973)

Sy = site index, index age 20 years, feet

(8c) f(A) = 51.5672(1/A) — 976.490(1/A)?
+ 3836.84(1/A)3 1

1From the fitted function:

(3d) In(HD1, = 3.08908 + 51.5672(1/A) — 976.490(1/A)?
+ 3836.84(1/A)3

A = given age, years

HD1, =predicted mean height of dominant
stand at age A, feet (A, here, = 10, 11,
---19, or 20).

Total tree frequencies per stand at age A

The number of surviving trees per acre is predicted
in an iterative fashion by a modified form of a function
presented by Hamilton (1974).

(4) TSO,,; = TSO,/0.99999 + exp{—20.964
.+ 1.1808(A) — 0.25569(HD1,)
+ 0.0031657(TSO,)}]

where: TSO, = number of surviving trees per acre
(all) at age A years

TSO4+1 = number of surviving trees per acre
(all) at age (A + 1) years. Note that
TSO, + 1 becomes TSO, for each
new iteration of this function. Mini-
mum A = 10, maximum (A + 1) = 20,
minimum TS8O, = 300, maximum
TS0, = 1,500.



The number of surviving trees in the 1-inch class and
larger is predicted by:

(5) TSI, = TS0,/[0.99999 + exp{3.7052
~ 2.5068(HD1,/A)
~ 94.772(HD1,/TSO )}

where: TS1, = number of surviving trees per acre
(d.b.h. > = 0.6 inches) at age A years.

Mean height for a given d.b.h. class at age A

(68.) HliA = (HDlA)[eXp{boA + blA(l/Dl)}]

where: H1,, = predicted mean tree total height for
the ith 1-inch d.b.h. class at age A, feet

(6b)  bps = 0.23727 + 5.9139/HD1,

(6¢) bys = —0.19070 — 0.012645(TS1,/A)
- 0.11953(HD1,) + 0.0010798(TS1,)
+ 0.0016258(HD1,)?

. D; = midpoint of the ith 1 inch d.b.h. class,
inches.

Mean crown ratio for a given d.b.h. class at age A
(7a) CRiA = {(Hl,A - SLIA)/HIIA}(IOO)

where: CR;, = mean crown ratio for the ith 1-inch
d.b.h. class at age A, percent

(Tb)  SL;y = (HD1,)[expfcs + c;a(1/D)}]

where: SL;, = predicted mean tree height to the live
crown base for the ith l-inch d.b.h.
class at age A, feet

(7c) Coa = 3.4392 — 0.54950(A)
+ 0.045001(HD1) + 0.00057003(A3%)
+ 0.000000048139(A3)(TS1,)

(7d) ¢4 = —0.53734 — 0.0025185(A2)
+ 0.000018202(A)(TS1,).

Tree frequencies by d.b.h. class at age A
(83) TSliA = N2A - N1A

where: N1, = (TS1,)[1 — exp{—((D; — a)/b,)*4}]

N2A = (TS].A)[I - exp{—((Di + l—a)/bA)cA}]
and
TS1,4, = number of surviving trees per acre
(d.b.h. > = 0.6 inch) in the ith 1-inch
d.b.h. class at age A years.

a=055

(8b) by = —0.78012
— 0.000084899(HD1,)(TS1,)
+ 0.17355(HD1,)
+ 0.00087836(TS1,)
— 0.0000013083(HD14)%(TS1,)
+ 0.0000000010321(HD1,4)%(TS1,)?

(8c) ca =0.80699 — 0.00025619(HD1,)(TS1,)
+ 0.00000010200(HD1,)(TS1,4)2

+ 0.16045(HD1,)
+ 0.00096973(TS1,).

Basal area per acre by d.b.h. class at age A

(9)  Biy = (TS1;,)(m/576)(D;)?

where: B;, = basal area per acre in the ith 1-inch
d.b.h. class at age A, square feet.

Mean tree volume for a given d.b.h. class at age A

(10) TVI;, = 0.00535 + 0.0021971(D,)%(H1;,)

where: TVI;, = tree volume in cubic feet, inside bark,

from a 0.2-foot stump to a zero-inch
top d.o.b., dbh. > = 0.6 inch
(11)  TVO;, = (TVI, {1 + (10°0)(TVI,)°}

where: TVO,, = same specifications as TVI;, except
outside bark

by = —0.30925
b, = —0.21895
(12)  VI42,, = (TVL AL + (10702)(TVI,,) "1}
where: VI42,, = tree merchantable volume in cubic
feet, inside bark, from a 0.2-foot
stump to a 2-inch top d.o.b.,
d.b.h. > = 3.6 inches
b02 = _12415
by, = —1.2107
(13) V042, = (VI42;,,){1 + (10™)(V142,,)"Y}

where: VO42,, = same specifications as V142, except
outside bark

(14)  VI43,, = (TVL )AL + (10°3)(TVI,,)*13)

where: VI43;, = tree merchantable volume in cubic
feet, inside bark, from a 0.2-foot



stump to a 3-inch top d.o.b.,
d.b.h. > = 3.6 inches

b03 = —0.54930
b13 = —1.3024
(15) V043, = (VI43,){1 + (10°0)(VI43;,)"}

where: VO43,, = same specifications as VI43;, except
outside bark.

Per acre tabular values

n

(16) TS14= D, (TSLy)
=1

n
(17) BA= Z (BiA)
i=1

n
(18) Volume, = . {(Volume;)(TS1;y)}
=1

where Volume, = a total volume and Vol-
ume;, = volume per tree in the ith 1-inch d.b.h.
class, for any volume function

n
(19) Dp={D, (D)TSL,}TS1,
i=1

where D, = arithmetic mean d.b.h.

(20) Dg = VB,A(m/576)(TS1,)}
where —ﬁQ = quadratic mean d.b.h.
(21) % Survival = TS0,/TS0,
n
(22) CRa={D, (CRu)(TSLp)/TS1,

i=1

where CR, = arithmetic mean crown ratio per-
centage.

Appendix B—Coefficient of Determination and Standard Error of Regression for

Fitted Functions

Equation no. n
(3d) 90
4) 150
(5) 90
(6b) 90
(6¢) 90
(7¢) 90
(7d) 920
(8b) 90
(8¢) 90

R2 or r2 Syx
0.987* 0.063*
0.315* 2.653*
0.735* 2.211*
0.811 0.094
0.727 0.214
0.482 0.280
0.204 0.397
0.984 0.148
0.846 0.327

*In logarithmic form, from regression where y was transformed

to In (y).



Appendix C—BASIC Program to Generate Predicted Stand and Stock Tables for

—
D]

P
[un}

'-I.'l L R RS B « T S PN
L e I o R hn ]

Young Natural Longleaf Pine

REM THIS FPROGRAM “"LLZ&30" GEHERATES
MATURRL LONGLEARF PIME STANIS HAYVIHG
FEM 28 YEARS, SITE IMDEY CIMDEX AGE
FEET, AHMD IMITIAL DEHSITIESZ OF 248
CPTIOM BRSE 1

FEINTER I35 @

INTEGER H,S, I

STAMD AMD
INITIAL AMD
S8 YEARS,

TO 1588 TREES

REAL HM1,Nz2,H1:c38),Ta{38)
IMFPUT "Cl H;,HI_HH,Ti T2 *",31,52,A1,R2,T1,T2
PRINT LIHQS)
5] IMAGE "YIELDS GIVEMW TS0 # OF TREES FPER RCRE AT
YPICAL SURVYIVAL--"
188 FRINT USIHG 28
181 PEINT LIMC3D
118 H99=1
128 FOR 5=£51 T0 22 STEF 14
126 FOR Te=T1 TO Tz STEF 308
1489 FOR A=A1 TO A2 STEPRP o
158 IF H99>=3 THEN 129
1é6 IF Al>x18 THEW 278
178 GOTO 280
171 WARIT Sna
172 FRINT LIHWC1Z2
igs  IMARGE 4@¥,"CU. FT. %0lL. ARBOVYE 8.2 FT. STUMP"
19 PFRIHT USIHG 138
191 GOTO 2249
192 FRINT LIHC12)
288 IMAGE 48%,"CU. FT. “OL. REBOYE 8.2 FT. STUMP®
218 PRINT USING z89
211 IMAGE 484, "ALL TREESZ % 4-INCH CLASS & UpP*®
212 PRIHT USIHG 211 ’
228 IMAGE 13X, "AV.",4X," STEMSY,14X,90"%" 2, "FOR 0. E.
238 PRINT USING 229
248 IMAGE 1X,"T30 SI AGE D+C DEHM FPER  BRSAL CR RAY. 8
* 3 IHCHES®
2968 PRINT USING 240
2ed  IMAGE 13X, "HT.",32X,"ACRE ARER",&X, "HT. o.b. i.b.
b." )
PRINT USIHG 2&8
IMAGE S8c" ")
FRINT USIMG 282

[ o I T T ot S o I o R O S o B O R )

=T N f OO 5D 00D o I Oy e N
ot

b SO BV VR PN TV T N RS L B (U (SR LN CR N (R ]

—

—
<o

+1.

<

H59=H33+1

IF N39=4 THEM HS
Hza=3S+, ‘LB?1943
Ta{AR1»=TY

FOR I=A! TO Az &
HicI»=HzZ@axEXFPIS1
TECI+1=T@CI 0.9

=] 0
N J u
—\I P‘.

ME=T I

I=R

T11=TBCI o (3393 34+4ERPIS. FBSZ -2, 5AREx(HLI T~ T-34, 77
H4=,55

E=-,723812-8.459%3E- -+H1f1J+T11+ I7285HLCI ) +2,

B321E-9#H1CT3~2#T11~

STOCE

MIsC,

LEZIRED

TOFS

THELES
FIMRL AGES
FUBL.

FEF RERE AT

D F -

IHCHES

oL b

VYRASE-4+T11-1.

FOR

280

IMITIAL AGE?

SECHLOT AT

AN G
BETHEEH
OF e
[HITIAL RGE.

18 AN
TO &S

WITH T

FHTEOID 00

5 I I

BO2E-gxHlICT a2



are
386
394
4005
418
428
438
440
458
468
461

£
“J -
DU Bl S WY

[ I ) B B I SN
ORI I S R o R ol
[ B I o DO U v ]

W00

Q0 00 O O3 <
) o=
Lo o B e ot B R

£

L=, 80699 -2, 5681 9E-4#H1 T o T11+1  BZE-F&HI (I 0#T112+. 16845 «H1 I +3,
S11=8

I13=8

Ti11=8

T121=9

T123=8

Y1i11=8

Y1z21=8

Y1z232=8

Y1z4=9

Crpp=8

FRIWT USIHG "LDDD, 1,00, 18,000,325, 00,0378, 5,A,HL.RA

FRIMT LIMC1:

D=1

Di1=1.5%5

IF D=2 THEW D11=1.5

HMi=T1i% 1-EXP(~0 D11-A42 - Bo~CH2
HE=T11%01-EXP(-¢iD11+1-RAdasBI~C00

Ti12=H2-HN1

IF D=1 THEHW T11Z=H1

T1iZ=PROUNDCTLI12,62

Ba=,23727+32,9139-H1 A

El=-,19070~. 8125645711 A-. 112353H1 A+, AO1AT93TI1+, BRIGESSsHI R
Hig=Hl(A)*EAF(EA+E1-D>

CO=3,7392-.54358%1+, 54566 *H1’1“+= THRZE-4+% 4.81329E-21~2T11
Ci=-.S3734-.08251857+«]~2+1.8202E-5+1+T11

S1=H1(Iy#EXPCCB+C] D)
Cr=(H1@-512-HiB*108

IF Cr<=5 THEH Cr=18
EER=D~2%03,14159254-37VE0%T112
TEE=,88535+.BB21371+D~2%H1M
Tatz=Tea*T11z

TA1=TEA*(1+18~0~, 332 reTAR (-, 215930

To1a=Tat*T112
T121=Ti21+T8B12
Tiz3=Ti12z2+Ta12
511=511+B80O
Diz=D%*T112
Di12=013+012
Crpc=CrsT112
Crpp=Crpp+Crpc
Cr=FROUMDCCr,,—13
Ti11=T111+T112
IF D=1 THEHW 838
IF Til2<.50060680080881 THEM 210
IF U<4 THEH 898

M14=ToB- (1+18~0-1. 24100 TRE~ (-1, 218720

V11¢=T14*T11;

V112=PROUMDOY 11_,~1
S

VISV 1481 +1B0 (-, 3AF2S 6V 1440~ 218350

M113=Vv15%T112
V11Z3=FROUMDCV1I13,~15

V16=T88fi1+15“i—.5493)*T@B*i-1.3&24}3

V1ld=V15%T112
h114 PPUnHD(u114

-1
WIT=VLIESCL+18 (-, 3EI25 016~ (- 2189500

V115=W17#Ti12
V115=FROUNDCWILIS, ~1 2
Will=W1t11+W112
Vi2l=WV121+V1i13

=be;

2E-

4+T11

11



8386 Viz3=V1z23+W1l4

248 V124=V124+¥115

238 FPRINT USIHG “1VH, D0, 28, D00, 1%, 0D, 0, 2024, D0y, 2%, IDD. 0, 2%, OO0, I, 20 2%, DOD. I, 2%
, DDD. D3 D, T112,B08, 0, H1G,TB132,TH12,V113,V112,¥115,%114

868 D=D+1

861 Di1i1=D11+1

876 IF D<11 THEHW 589

888 GOTO 918

298 PRINT USIHG "IFH,DD,EH,DDD,1ﬁ,DD.D,ZﬂZE,DD),EH,DDD.D,EH,DDD.D”;D,Tl12,BBB,C
ryHig, T812,TB12

988 GOTO 269

318 D33=D13-T1d

928 Dd4d4=50RC(S11-¢.085454%T110

9238 RiI=T@C(I>

948 R2Z=TACARL

958 S55S=R1-RZ*100

951 Barcr=Crpp-T11

968 IMAGE Zz@w," "
9768 PRINT USIHNG 958

972 IF D45 THEN 1885

S9E@  FRINT USIHG "EGE,DDDD,EH,DD.D,?K,DDDB.D,IE,DDDD.D,IH,DDDD.D,IH,DDDD.D,lH,HD
DD.D,IH,DDDD.D";T111,511,T123,T121,H121,V111,V124,V123

981 PRINT LINCID

998 GOTO 1@83e

lage PRIMT USIMG "2@x,DDDD,2x,DD.0, #y0DD.D, 1¥,DDD.D"3T111,511,T123,T121

1681 PRINT LIMC1D

1838 FRIMT USIMWG “17A,D.DD,1%,13A,D.DD";"ARITH. MERH DEH =",033," QUADR. MEAM DE
H =",Dd44

1833 FRINT USING "17A,D.DD, 201X, 2A,D.0D5"; "WEIEULL FRARAM: A=", A4, "E=" R, "C=",
1848 FRIWT USING "12A,1X,0DD.D,5%,19A,1%,DD0.D"; "SURVIVAL =", 555, "MERH CROWH RA
TIO %=",Barcr

1841 PRINT LIHCED

1858 NEXT A

1851 FRUSE

1860 HERT To

1878 HEXT ¢

1898 EWD

12



Appendix D—Predicted Stand and Stock Tables for Young Natural Longleaf Pine
at Various Initial Densities, Site Indices, and Ages

YIELDS GIVEN TSO (# OF TREES PER ACRE AT DESIRED INITIAL AGE) WITH TYPICAL SURVIVAL--

----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES 3 A-INCH CLASS AND GREATER

o STEMS SXKKRREXSRAEXAFOR O B,  TOPS OF----KEXRXXXEXKXKAX
T50(10) 1 AGE D+C DBH PER BASAL R 0 INCHES £ 2 INCHES t 3 INCHES
HT. ACRE  AREA 0B, 1B x 0B IB x 0B 1B
300 70 1 9.1
{ 183 10 702 6.7 7.9 3.7
2 59 1.3 764 2.2 11.9 6.6
3 { 0 778 A9 5 3
243 2.3 203 106
ARITH. MEAN DBH = 1.3 QUADRATIC MEAN DBH =i.33 WEIBULL PARAMETERS A= S5 B = .B0 € =199
1 SURVIVAL= 100.0 NEAN CROWN RATIO = 71.8
--——CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES x A-INCH CLASS AND GREATER
o, STEMS EXSXRAEXANLEARFOR O B,  TOPS OF -—-—BEEEXXEXXEXKEX
TS0(40) SI  AGE D+C DBH  PER  BASAL CR 0 INCHES % 2 INCHES X 3 INCHES
HT. ACRE  AREA 0B. 1B % 0B 1B % 03B 1.8
306 70 15 249
1 6 4 S .0 2 A
2 57 1.2 742 1 13.0 7.4
3 123 6.0 78.4 9 786 #9.2
A 92 8.0 8.2 7 66 7.2 1094 724 8.4 57.0
5 21 29 8.3 3 443 305 2.8 294 /e 260
6 12 89 2 32 2.2 34 2.2 29 2.0
T30 18.4 2559 166.6 155.3 1037 1291  85.0
ARITH. MEAN DBH = 3.2 GQUADRATIC NEAN DBH =3.35 WEIBULL PARANETERS A= 55 B =298  C =3.40

% SURVIVAL= 100.0

MEAN CROWN RATIO = 78.9

13



----CUBIC FOOT VOLUME ABOVE 0.2 FDOT STUWP----

av. STEMS BEREAXRARARRXSFOR O.B. TOPS OF ——--RKXEXKEXKKXK¥ KK
T80¢10) 51 AGE D+C DBH  PER  BASAL R Av. 0 INCHES L] 2 INCHES ¥ 3 INCHES
HT. ACRE  AREA HT. 0.B. IB. % 0.8 I.s. x 0B I.B.
] 20 3.4
i 0 0.0 405 5.7 0.0 0.0
2 7 .2 bh.4 17.4 1.9 14
3 35 1.7 5.5 256 28.4 17.9
4 87 7.6 67.8 30.9 1407 950 134.3 90 .4 1143 75.9
S 107 146 9.4 34.6 290.8 203.9 283.9 198.7 261.2  i81.8
6 S4 106 699 I3 224 §59.6 218.2 157.2 208.0 1493
7 8 214 705 394 46 .4 33.9 5.6 136 43 325
298 34.8 729.4 Si1.S 682.0 479.9 627.8 4395
ARITH. MEAN DBH = 4.6 QUADRATIC MEAN DBH =4.75 WEIBULL PARAMETERS A = S5 B =4 .48 C =448
X SURVIVAL=  99.6 MEAN CROWN RATIO = 68.0
----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
- ALL TREES ¥ 4-INCH CLASS AND GREATER
V. STEMS SXEEXEARRXLRARFOR O.B.  TOPS OF-—--SKXXKXXEREAAXX
TS0(10) S1 AGE D+C DBH  PER  BASAL CR av. 0 INCHES X 2 INCHES ¥ 3 INCHES
"~ HT. ACRE  AREA HY. 0.8. 1. * 0O.B IB. % 0B 18
600 70 10 9.4
i 226 12 &5 6.7 9.7 4.5
2 7% 1.6 758 {24 5.4 8.4
3 i A 776 14.8 .5 3
302 2.9 5.3 3.2
ARITH. MEAN DBH = {.3 QUADRATIC MEAN DBH =1.33 WEIBULL PARAMETERS A = .SS B = .80 C =194

1 SURVIVAL=

14

160.0

MEAN CROWN RATIO =

74.2



----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMNP----

% SURVIVAL=

99.1

HEAN CROMN RATID =

62.4

av. STEMS SEXRRSARERAEARFOR 0.B. TOPS OF ----KKKERXRXRXRENXK
T80¢40) ST  AGE D+C DBH  PER  BASAL CR AV 0 INCHES ] 2 INCHES ¥ 3 INCHES
HY. ACRE  AREA HT. 0.B. 1B. & 0B 13. & 0B 1B
600 70 1S 249
i 49 3 %3S 5.3 i.8 .8
2 189 41 72.8 1A% 45 5.2
3 214 105 77.3 204 139.7 875
4 110 9.6 79.2 244 141.7 939 133.4 878 107.6 69.8
S 27 3.7 8.3 267 7.7  39.7 5.8 18.4 498 340
b 3 6 810 286 9.6 6.8 9.4 6.7 8.8 6.2
592 28.8 394.9 294.0 198.3 132.9 i66.2  110.0
ARITH. MEAN DBH = 2.8 QUADRATIC MEAN DBH =2.98 WEIBULL PARAMETERS A = .55 B =2.55 C =2.49
% SURVIVAL=  99.9 HEAN CROWN RATIO = 74.4
----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES X A-INCH CLASS AND GREATER
av. STEMS SRLERLRRARERARFOR O.B. TOPS OF -——-RXXRXEXXXXXENK
D+C PER  BASAL R 0 INCHES ] 2 INCHES % 3 INCHES
HT. ACRE  AREA 0.B. 1.5. & 0.B 1. % 08B 1B
3b6.4
i 10 A A9 6.5 A 2
2 72 i.6 Sb.2 i8.8 21.2 2.3
3 157 7.7 1.7 268 131.2 840
4 182 15.9 644 320 3035 205.4 290.2  195.7 248.4 4655
S 120 {64 655 355 3343 2348 326.5 229.0 304.3 2104
b A3 8.4 664 3B 180.0 129.9 177.5 128.0 169.3 f21.8
7 8 2.4 7.0 404 4.9 34.% 4.5 343 451 332
8 i 3 675 AL 7.8 S.9 7.8 5.8 7.6 5.7
593 S%2.% 1025.3 707.% 848.5 S92.8 774.7  S36.3
ARITH. MEAN DBH = 3.8 QUADRATIC MEAN DBH =4.03 WEIBULL PARAMETERS A = .55 B =3.68 €=3.00
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AV, STENS

--=~CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP-—--
* ALL TREES X 4-INCH CLASS AND GREATER
SEXEXKRKARARRRFOR 0.B. TOPS OF ~-—~EEXXXXNXEXRAAX

ARITH. MEAN DBH = {.3

T80(40) SI  AGE D+C DBH  PER CR 0 INCHES ] 2 INCHES ¥ 3 INCHES
HT. ACRE 0.B. 1.B. % 0B I3 x 0B 1B
70 0 9.1
i 258 1.4 8.9 6.6 1.4 S
2 87 19 755 124 17.4 9.7
3 [ A 774 148 1.0 .6
347 9.4 154

% SURVIVAL=

AV, STEMS

QUADRATIC MEAN DBH =1.34

106.8

WETBULL PARAMETERS A = .55 B= .81 C=t.9

MEAN CROMN RATIO = 70.8

----CUBIC FODT VOLUME ABOVE €.2 FOOT STUMP----
ALL TREES X 4-INCH CLASS AND GREATER
EERRXERRXRSRARFOR 0.B. TOPS OF -—--XXKEXEXRXXREAX

ARITH. MEAN DBH = 2.5

T50(108) 81  AGE D+C DBH  PER CR 0 INCHES X 2 INCHES ¥ 3 INCHES
HT. ACRE 0.B. I.B. % 0.B I.B. % 0B 1I.B
70 15 249

i 137 7 510 5.7 5.3 2.4

2 315 6.9 745 150 7.2 M43

3 55 125 7.2 208 169.7 106.4

4 115 4860 783 245 {503 99.8 141.4 93.4 f14.6 745

S 3 42 794 270 67.0 4.2 4.9 A6 S8.0  39.¢6

b S i.8 B804 28.9 16.4 11.4 5.8  i1.2 4.8 10.4

7 i 3 806 302 4.5 3.3 4.4 3.2 4.3 3.4
839 . 489.0 32.9 226.5 1S2.4 191.7 127.¢

% SURVIVAL=

QUADRATIC MEAN DBH =2.76

99.8

WEIBULL PARAMETERS A = .SS B =2.25 C=2.03

HEAN CROMN RATIO = 70.9



<==-CUBIC FOOT VOLUME ABOVE 8.2 FOOT STUMP----

Av. STENS KSESESUAREENRRFOR 0.B. TOPS OF ----SXREXKSKEEXELR
T50(10) ST  AGE D+C DBH PER BASAL  CR ¢ INCHES
HT. ACRE  AREA 0B. 1B t OB
500 70 20 36.4 '

{ 82 3 292 7.4 29 3
2 498 A3 Si.8 200 6.5 359
3 248 2.2 S7.6 27.9 2052 4382
4 197 7.2 60.3 330 332 229.3
S 109 149 b8 3.4 308 2487
b 3 B4 827 389 1835 4326
7 {2 32 &34 M8 TS 528
8 3 10 639 423 238 179

872 b6 1207.3 826.7

ARTTH. MEAN DBH = 3.3

QUADRATIC MEAN DBH =3.40

WEIBULL PARAMETERS A = .55

% SURVIVAL=  97.7 HEAN CROWN RATIO =
----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES 4-INCH CLAGSS AND GREATER
av. STEMS SERKRRAXEASRRSFOR O0.B. TOPS OF~-=-¥XXXEXXAXEAXAY
T80(10) SI AGE D+C DBH  PER  BASAL CR 0 INCHES
HT. ACRE  AREA 0.B. 1.8
1200 70 0 9.4
i 293 1.6 8.2 6.5 2.5 5.8
2 104 2.2 753 {20 20.4 i1.2
3 2 A 772 147 1.0 .6
396 3.9 33.6 7.6

ARITH. MEAN DBH = §.3

% SURVIVAL=

QUADRATIC MEAN DBH =1.34

100.0

WEIBULL PARAMETERS A = .55

HEAN CROWN RATIO =



----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

AV, STEMS EXXSKRRARARARAFOR O.B. TOPS OF----RRX¥KERKXEKEXX
T50(18) SI AGE D+C DBH  PER  BASAL CR fv. 0 INCHES X 2 INCHES % 3 INCHES
HT. ACRE  AREA HT. 0.B. 1. & 0B 1. % 0B 1.B.

200 70 1S 24.9

H 224 1.2 486 6.8 8.9 A1
[ 428 2.3 70,2 155 40614 60.5
3 297 146 752 242 20104 1263 K
4 i16 104 77.4 249 153.5 2.0 1446 956 117.6 765
- 28 318 786 273 6.4 422 59.2 A8 S3.0 3.2
b S i1.0 793 294 16.3 i1.S 16.0 11.3 14.% 10.%
1095 400 S46.9 346.7 219.8  147.7 185.5 {23.2
ARITH. MEAN DBH = 2.4 QUADRATIC MEAN DBH =2.59 WEIBULL PARAMETERS A = .55 B =2.0b € =192
% SURVIVAL=  99.4 MEAN CROWN RATIO = 68.2
) --——CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUWP----
ALL TREES | A-INCH CLASS AND GREATER
AV, STEMS SEKEKARRARESARFOR O0.B. TOPS OF -—---SXXEKRERAXRXNX
T80(40) SI AGE D+C DBH  PER  BASAL cR v, 0 INCHES X 2 INCHES ¥ 3 INCHES
HY. ACRE  AREA L] 0.B. 18. % 0.5 1. ¢ 0B LB
1208 70 20 3b.4
i 124 7239 8.2 6.1 2.9
2 300 65 477 244 97.6 97.3
3 e 454 S3.9 289 27%.2 1{77.8
4 243 186 567 I.9 7B 2546 359.4 2434 310.7 208.4
S 108 147 S8.3 37.2 344 223 307.2 2464 284.7 199.2
) 42 8.2 %93 396 182.2 131.9 i79.8  130.0 172.0 1240
7 13 35S &0 MS 78.6 S8.4 779 S7.6 758 558
8 3 1.0 605 429 244 18.4 23.9 18.0 235 17.4
9 i A 609 AAD 10.3 7.8 10.2 7.8 10.4 7.7
1112 68.9 1364.1 9298 9%8.4 672.9 876.8 612.4
ARITH. MEAN DBH = 3.4 QUADRATIC MEAN DBH =3.37 WEIBULL PARAMETERS A = .55 B =2.84 C=1.95
% SURVIVAL= 945 MEAN CROWN RATIO = S0.2
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----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

. STEMS KEESXEKREXXRRAFOR 0.B. TOPS OF--—-KKEXKERKXERKXK
TS0(40) ST  AGE D+C DBH PER BASAL CR AV 0 INCHES X 2 INCHES & 3 INCHES
HT. ACRE  AREA HT. OB. 1B % 0B. IB & 0 1B
1500 78 10 9.1
1 30 48 &5 65 140 65
2 15 25 750 120 228 {2.7
3 3 A 770 147 1.5 .9
M3 4% B2 201
ARITH. MEAN DBH = .3 QUADRATIC MEAN DBH =1 .35 WEIBULL PARAMETERS A = .55 B = 81  C =i.84
1 SURVIVAL= 100.0 MEAN CROWN RATIO = 69.5
----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES ] A-INCH CLASS AND GREATER
. STEMS SAERREXKERKARRFOR 0.B. TOPS OF----XXXKSSXKKEEXEE
TSO(40) SI- AGE D+C DBH PER BASAL CR AV, 0 INCHES $ 2 INCHES & 3 INCHES
HT. ACRE  AREA HT. 0B. IB. % 0B IB % 0B 1B
1500 70 15 249
£ 23 1.4 464 653 109 5.0
2 Se2 12.3  &9.4 5.9 142.4 81.4
339 176 A3 246 2467 455.2
4 108 9.4 765 252 iM.b6 9.2 3.3 90.3 112 72.4
5 6 22 778 276 353  24.4 W2 236 06 209
6 { 2 786 29.4 33 2.3 32 2.3 30 2.4
1309 434 583.2  364.6 1737 1162 1448 95 .4
ARITH. MEAN DBH = 2.3 QUADRATIC MEAN DBH =2.46 WEIBULL PARAMETERS A = S5 B =196 € =2.07

% SURVIVAL=

98.6

MEAN CROWN RATIO =

66.7

19



----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

AV. STEMS SEREENERRRRARAFOR O.B. TOPS OF-~--KKXKRRKRRAKKERXK
T50¢40) SI  AGE D+C DBH  PER BASAL CR av. 0 INCHES ] 2 INCHES ¥ 3 INCHES
HT. ACRE  AREA HT. 0.B. 1.3. % 0B 1. & 0B 1B
1508 70 e 3b6.4
i 144 .8 19.9 8.9 7.4 35
2 367 8.0 4.6  21.9 1235 72.7
3 378 486 S1.0  29.7 3469 223.8
4 244 213 539 IS A0 2973 A19.4 2845 363.8 2444
S 109 149 555 37.8 3216 226.8 314.7 221.6 292.0  204.6
) 35 69 S6.6 A4 i53.7 1113 154.7 109.8 145.2 104.8
7 8 24 S7.4 M9 8.9 3.1 485 15.8 47.4 4.8
8 i 3 579 A3 8.1 6.1 8.1 6.1 7.9 5.9
1283 72.8 147.2 9777 942.4 657.8 856.0 S94.2
ARITH. MEAN DBH = 3.0 QUADRATIC MEAN DBH =3.23 WEIBULL PARAMETERS A = .55 B =2.73 C=2.04

20

X SURVIVAL= BB.2

HEAN CROMN RATIO = 46.9



----CUBIC FOOT VOLUME ABOVE 6.2 FOOT STUMP----

ALL TREES ] A-INCH CLASS AND GREATER
AV, STEMS EEXSKEEARXRARAFOR 0.B. TOPS OF----SRS8ERXEARRR%
TS0{18) SI AGE D+C DBH “PER BASAL 0 INCHES X 2 INCHES X 3 INCHES
HT. ACRE  AREA 0.B. 1.B. ¢ 0.5 1B. 5 03B 138
Joe 8o 10 10.4
i 162 .9 6.3 6.7 3.1
2 104 2.3 i2.4 20.8 ii.6
3 4 2 15.4 2.0 1.2
270 33 29.6 5.9

ARITH. MEAN DBH = §

A

QUADRATIC MEAN DBH =i .54

WEIBULL PARAMETERS A = .55 B= .99 € =2.09

% SURVIVAL= NEAN CROMN RATIO = 6S.1
----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES X A-INCH CLASS AND GREATER
AV, STEMS SXRRXEXRANAANAFOR 0.B. TOPS OF-—--SXKEXRXAXRRI%L
TS0(10) SI AGE D+C DBH  PER BASAL 0 INCHES X 2 INCHES & 3 INCHES
HT. ACRE  AREA 0.B. I1B. &% 0.B. 1.5. % 0B 1B
300 80 1S 28.4
b 2 0 4.9 A 0
2 31 .7 14.7 7.4 4.2
3 95 4.7 213 64.4 A0S
4 145 10.0 5.6 156.4 1040 147.3 976 1206 786
S Si 7.0 28.9 iis.9 80.2 ii2.4 777 101.2  69.4
) ) i.2 30.7 20.5 14.6 20.4 14.3 8.9 13.4
300 21.5 364.3 2435 279.8 189.6 250.7 161 .4

ARITH. MEAN DBH = 3.7

QUADRATIC MEAN DBH =3.79

1 SURVIVAL=

WEIBULL PARAMETERS A = .SS B =3.45 €C=3.73

NEAN CROWN RATIO = 73.8
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----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP--—--

AV, STENS EREXRREARERARAFOR 0. B. TOPS OF-—--SKRXRXEXXRXEKY
T80(10) ST  AGE D+C DBH  PER  BASAL CR 0 INCHES 2 INCHES 3 INCHES
HT. ACRE  AREA 0.B. 1.B. 0.B. 1.B. 0.5. 1B
30 80 20 ALLb
i 0 0.0 264 b.6 0.9 0.0
2 2 0 9.9 20.4 b 4
3 i6 B S6.0 29.4 14 .4 9.3
4 53 4.6 %88 35.0 96.4 65.4 92.3  62.6 80.2 53.9
) 98 13,4 604 3I9AH 298.2 210.7 292.0 2064 2748 190.9
6 92 8.4 1.4 A2.0 422.0  306.4 416.7 3024 399.9 289.4
7 34 914 62.1 443 219.0 162.4 2i7.2 1610 2i1.6  156.6
8 3 1.0 2.6 46 25.8 195 5.7 19.4 25.2 i9.0
298 47.0 1076.0 774 .4 1043.9 7545 988.7 709.8
ARITH. MEAN DBH = 5.2 QUADRATIC MEAN DBH =5.3% WEIBULL PARAMETERS A = 5§ B =5.43 € =496
% SURVIVAL=  99.9 MEAN CROWN RATIO = 60.0
---~CUBIC FOOT VOLUKE ABOVE 0.2 FOOT STUMP----
ALL TREES A-INCH CLASS AND GREATER
Av. STENS ' SEKERRSRRARXARFOR 0.B.  TOPS OF -—--SXAXABETEXRAKK
T50¢10) SI AGE D+C  DBH  PER  BASAL CR § INCHES 2 INCHES 3 INCHES
HY. ACRE  AREA 0.B. 1.B. 0.B. 1.B. 0.8. I.B.
608 80 10 10.4
i 230 1.3 594 6.2 9.4 4.4
2 141 3.4 70.0 12.0 28.0 i5.6
3 8 4 729 iS.0 3.9 2.4
379 4.7 A4 224
ARITH. MEAN DBH = 1.4 QUADRATIC MEAN DBH =1.54 WEIBULL PARAMETERS 4 = .55 B= € =198

% SURVIVAL=

22

100.0

MEAN CROMN RATIO =

63.6



--—-CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

AV STEMS SESKKEKKERKSXAFOR 0.B. TOPS OF----SKERKERXESEXXK
T80(10) ST AGE D+C DBH PER BASAL CR AV, 0 INCHES % 2 INCHES 3_INCHES
HT. ACRE  AREA HT. 0B. IB % 0B 1B 0.B. LE.
610 80 15 28.4
S T 2 %7 53 1.2 5
2 146 32 654 453 358  20.4
3 20 103 744 A8 1455 914
A 147 128 744 260 2028 135.2  194.6 127.2 {574 4029
5 S8 72 756 289 1220 846 48B4 849 4068 733
b 18 766 M4 M4 222 .6 218 28.8 204
7 g 3 772 2T 48 35 48 315 46 33
597 35.8 S43.4 3580 354 2344 2976 1999
ARITH. MEAN DBH = 3.4 QUADRATIC MEAN DBH =3.31  WEIBULL PARANETERS A = 55 B =2.90  C =2.63
% SURVIVAL= 180.0 MEAN CROMN RATIO = 69.2
. ----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUNP----
ALL TREES & A-INCH CLASS AND GREATER
AV STEMS XXSXSRXEXKARAFOR 0.B. TOPS OF----SESARSRNRNSSAS
TSOU40) ST AGE  D+C DBH  PER BASAL  CR AV O INCHES & 2 INCHES 3 INCHES
HT. ACRE  AREA HT. 0B. 1B % 0B 1B 05 1.
600 80 20 4L.6
! 5 8194 7.6 2 A
2 4 10 M5 245 152 89
3420 59 5S4 3.4 126 727
4 174 152 544 3.t 353 2220 329 2429 2734 1842
5 451 206 558  AD4 4740 335 4615 326.3  430.6  303.0
6 77 454 569 430  360.6 262.2 3563 2589 322 248.0
7.2 56 576 452 1377 1022  136.6 1014 1332 987
8 310 SB.2 469 262 198 .4 197 %56 193
597 B4S 1488 10205 13934 9192 {2050 8532
ARTTH. MEAN DBH = 4 2 QUADRATIC MEAN DBH =4.45  WEIBULL PARAMETERS A = 55 B =4.44  C =3.21

% SURVIVAL=  99.7

MEAN CROWN RATID =

53.3
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----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES X 4-INCH CLASS AND GREATER

v, STENS SEKEKEXKARXEXIFOR O B, TOPS OF----SXRXSXSXRXREKX
TS0(10) 81 D+C DBH  PER BASAL  CR 0 INCHES * 2 INCHES & 3 INCHES
HT. ACRE  AREA 0B. IB s 0B. 1B % 0B 1B
900 80, 104

f 273 45 8.2 64 444 54

2 i64 3.6 695 119 324 8.0

3 10 5 726 449 49 3.0

M7 5.6 B4 262

ARITH. MEAN DBH = 1.4

QUADRATIC MEAN DBH =1.54

WEIBULL PARAMETERS A = .85

B= .98 =197

% SURVIVAL= 100.0 MEAN CROWN RATIO = 62.S
----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES X A-INCH CLASS AND GREATER
av. STEMS EEERREAXAXRARAFOR O B. TOPS OF----RXREXKKEXARAEX
T80¢(40) SI D+C  DBH  PER  BASAL CR 0 INCHES X 2 INCHES & 3 INCHES
HT. ACRE  AREA 0.B. I1B. x 0B 13. % 0B 1B
900 80 28.4
i iie 6 330 S.b 4.3 2.0
2 284 6.2 633 5.8 746 AD.9
3 268 3.2 70,0 22.3  189.5 14195
4 150 134 728 265 2102 1403 198.8 32.4 164.0 1073
S S4 7.4 744 293 1259 €73 i22.2 B4 110.4 759
6 13 2.6 754 3t A 45.4 2.4 M6 3.8 20 298
7 2 S 71 Y 9.8 714 9.7 7.0 9.3 6.8
883 435 656.7 429.6 375.3  255.5 325.7 219.8

ARITH. MEAN DBH = 2.8

24

X SURVIVAL=

QUADRATIC MEAN DBH =3.00

99.9

WEIBULL PARAMETERS A = .SS B

2.54 C=2.05

MEAN CROWN RATIO = 64.0



---=CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

% SURVIVAL=

100.0

HEAN CROWN RATIO =

61.7

Av. STEMS XEEXEXKRXXXRXAFOR O.B.  TOPS OF----XXXXXXXXKKEXXY
D+C  DBH  PER  BASAL CR 0 INCHES 2 INCHES 3 INCHES
HT. ACRE  AREA 0.B. 1.B. 0.B. I.B. 0.B. 1.B.
M6
i 49 3 11.7 8.6 2.5 i.
2 167 36 37 2.9 58.5 34,
3 230 i{.3 457 317 224.6 1456
4 209 182 489 373 A02.7 275.% 387.9 264.% 343.7 230.2
S 137 i8.7 50.7 412 437.9 3i0.6 429.4  304.4 401.5 283.¢
b 67 3.2 S1.9 4.9 3203 233.2 316.5 230.3 3044 220.9
7 25 6.7 S2.8  46.0 166.9 124.0 i65.6 123.0 i61.5 119.8
8 7 2.4 S3.4 477 62.4 46.9 61.8 467 60.8  45.9
9 i .4 538  A9.0 i1.4 11.3 8.7 i1.2 8.6
B2 748 16B6.9 1180.3 1372.9  977.4 {2804 908.4
ARITH. MEAN DBH = 3.6 QUADRATIC MEAN DBH =3.93 WEIBULL PARAMETERS A = .55 B =3.48 c 2
% SURVIVAL= 99.2 MEAN CROMN RATIO = 44.8
~---CUBIC FOOT VOLUNE ABOVE 0.2 FOOT STUMP----
ALL TREES 4-INCH CLASS AND GREATER
v, STEMS EXXKKEXXKARARAFOR O.B. TOPS OF-~—-KXXRXXXXXEXXXKX
D+C  DBH  PER  BASAL CR 0 INCHES 2 INCHES 3 INCHES
HT. ACRE  AREA 0.B. 1.B. 0.B. 1.B. 0.B. 1B
10.4
i 346 1.7 S7.0 6.0 i2.8 5.9
2 187 44 69.9 i1.8 3.7 20.5
3 i3 6 72.2 148 6.4 3.9
516 6.4 58.9  30.
ARITH. MEAN DEH = § .4 QUADRATIC MEAN DBK =1.5% WEIBULL PARAMETERS .55 B = C =188
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--~-CUBIC FOOT VOLUME ABOVE 0.2 FODT STUMP---—-

av. STEMS ERXRRKEKXXXXRAFOR O B TOPS OF-—--KXKXXEXXEXXKXK
TS0(40) S1  AGE D¢C DBH  PER  BASAL CR A, 0 INCHES % 2 INCHES X 3 INCHES
HT. ACRE  AREA HT. 0B. IE % O0E 1B 0F 1K
1200 80 15 28.4
{ 194 14 29.4 6.0 7.8 1.6
2 Al 906 61.5 163 1066  bi.4
3 330 462 685 228 2379 150.3
4 157 {372 745 269 223.3 149.2 241 4 1407 174 9 114 7
5 A9 67 732 297 1156 80.2 1123 77.8 1016 699
6 10 20 743 .8 353 25.2 347 247 V7 32
7 2 5 750 33.3 9.8 7.2 9.7 7.1 9.4 68
1153 49 .1 7363 A74.8 3681 2503 4B 6 214 6
ARITH. MEAN DBH = 2.6 QUADRATIC MEAN DBH =2.79 WEIBULL PARAMETERS A = .5 B =2.27 € =t 94
1 SURVIVAL=  99.7 HEAN CROWN RATIO = 60 1
-~--CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUKP----
ALL TREES % 4-INCH CLASS AND GREATER
AvV. STEMS EEXEXAXARKAAASFOR O B TOPS OF----KXRXXXXRRKAXLY
TSO(40) SI  AGE D+C DBH  PER  BASAL CR Av. 0 INCHES % 2 INCHES 3 INCHES
HT.  ACRE  AREA HT. 0B. IB % 0B 1B 0B 1B
1200 80 20 44.6
i 108 b 108 9.8 6.0 2.9
2 274 6.0 32.6 24.4 1044  60.2
3 36 450 404 334 3403 204.8
4 238 208 435 385 4720 3235 4552 3443 a017 2724
3 14 192 454 422 AKL.3 3278 4525 324.0 424.0 299 4
b 66 130 467 M9 3247 2345 B0 2316 3064 2225
7 25 67 A7.6 468  169.7 126.2 168 4 1252 164 4 122 0
8 8 28 48B3  4B.A 724 SAS 7.7 42 70.5  53.3
9 2 9 a8 49.b 234 177 230 17.% 2.7 174
1168  B4.9 1937 .4 1349.0 1488 8 1060.9 1389 4 9867
ARITH. MEAN DBH = 3.3 QUADRATIC MEAN DBH =3 .65 WEIBULL PARAMETERS A = .55 R =3.13 € =1.9%
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% SURVIVAL=

98.0

MEAN CROWN RATIO =

37.5



----CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----

Av. STEMS ERXRXXEKXAXKAXFOR O.B.  TOPS OF----RKKXEXXEXXEXEK
TS0(40) S1 AGE D+C DBH  PER  BASAL CR AV, 0 INCHES 2 INCHES 3 INCHES
HT. ACRE  AREA HY. 0.8. 1B 0.B. 1.B. 0.B. 1I.B.
{500 80 i0  10.4
i 360 2.t 55.7 5.9 i4 .4 6.6
2 210 4.6 68.5 1.8 410 22.8
3 16 8 7.9 i4.8 7.8 4.8
586 7.3 63.3 342
ARITH. MEAN DBH = § .4 QUADRATIC MEAN DBH ={.S{ WEIBULL PARAMETERS A = .95 B=. C =185
% SURVIVAL= 160.0 MEAN CROWN RATIO = 60.8
--—-CUBIC FOOT VOLUME ABOVE 0.2 FOOT STUMP----
ALL TREES 4-INCH CLASS AND GREATER
v, STEMS KKEEKERXEXEARAFOR O.B. TOPS OF----BXEXRKEKEXXKXE
T50¢(10) SI AGE  D+C DBH  PER  BASAL CR av. 0 INCHES 2 INCHES 3 INCHES
. HT. ACRE  AREA HT. 0.B. I.B. 0.B. 1.B. 0.8. 1.B.
1500 8¢ iS5 28.4
i 210 i4 25.7 6.4 8.8 44
2 565 2.3 59.7 i6.8 150.4 86.5
3 444 24.8 67.4 23.2  325.9 206.2
4 is8 3.8 703 273 227.8 1%52.% 215.9 {438 i79.2 117.7
S 28 38 720 30.4 66.8  46.4 64.9 450 58.8  40.5
6 2 A4 734 3214 74 S.1 7.0 S.0 6.6 4.7
1407 833 786.9 S500.7 287.8 193.8 2446 162.9
ARITH. MEAN DBH = 2.5 QUADRATIC MEAN DBH =2 .63 WEIBULL PARAMETERS A = .55 B =2.16 C=2.23

% SURVIVAL=

99.2

HEAN CROMN RATIO =

58.4
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----CUBIC FOOT VOLUME AROVE 0.2 FOOT STUMP---—-

AV, STENS EXKRKRXRERXERAFOR O.B.  TOPS OF -—--gXXRXEXKXEXAKE
TS0<10) SI AGE D+C DBH  PER  BASAL Cr Av. 0 INCHES 2 INCHES 3 INCHES
HT. ACRE  AREA HT. 0.B. 1.B. 0.B. 1.B. 0B 1.k
1500 80 20 446
i 97 S 16.90 10.9 5.9 2.8
2 334 7.2 2.7 25.8 {28.5 76.7
3 424 20.7 346 343 4413 2878
4 324 283 383 39.6  858.9 452 S 636.3 435.9 S63.7 382.6
S 165 2.5 40.4 434 550.8 39i.8 540.7 3844 507.5 358.9
b S7 i1.2 41.7 457 282.6 206.2 279.4 203.8 26%.2  195.9
7 13 35 426 474 89.5 66.7 88.9 66 .1 86.8 645
8 2 7 433 494 18.2 13.8 i8.2 13.7 17.9 13.5
1410 94.6 2175.7 1498.4 §563.5 1103.6 14451 1045.4
ARITH. MEAN DBH = 3.3 QUADRATIC MEAN DBH =3.54 WEIBULL PARAMETERS & = .55 B =3.06 € =226
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% SURVIVAL=

95.3

NEAN CROWN RATIO =

33.9



Farrar, Robert M., Jr. 1985. Predicting stand and stock tables
from a spacing study in naturally regenerated longleaf pine.
U.S. Dep. Agric. For. Serv. Res. Pap. SO-219, 28 p. South.
For. Exp. Stn., New Orleans, LA.

Paper outlines a prediction system developed to calculate
stand and stock tables for stands of natural longleaf pine 10
to 20 years old. The system also provides entry to other stand
volume prediction and projection systems that usually start
at age 20.

Additional keywords: Pinus palustrus; volume prediction;
volume yields; crown ratio, survival prediction.













